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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
of their employees, nor any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for the ac-
curacy, completeness, or any third party’s use or the results of such use of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe pri-
vately owned rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof or its contractors or subcontractors. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government
or any agency thereof.



PREFACE

In December 2006, the Cross Section Evaluation Working Group (CSEWG) of the United
States released the new ENDF/B-VIL.O0 library. This represented considerable achievement
as it was the 1st major release since 1990 when ENDF/B-VI has been made publicly
available. The two libraries have been released in the same format, ENDF-6, which has
been originally developed for the ENDF/B-VI library. In the early stage of work on the
VII-th generation of the library CSEWG made important decision to use the same formats.
This decision was adopted even though it was argued that it would be timely to modernize
the formats and several interesting ideas were proposed. After careful deliberation CSEWG
concluded that actual implementation would require considerable resources needed to
modify processing codes and to guarantee high quality of the files processed by these codes.
In view of this the idea of format modernization has been postponed and ENDF-6 format
was adopted for the new ENDF/B-VII library.

In several other areas related to ENDF we made our best to move beyond established
tradition and achieve maximum modernization. Thus, the “Big Paper” on ENDF/B-VII.0
has been published, also in December 2006, as the Special Issue of Nuclear Data Sheets
107 (1996) 2931-3060. The new web retrieval and plotting system for ENDF-6 formatted
data, Sigma, was developed by the NNDC and released in 2007. Extensive paper has been
published on the advanced tool for nuclear reaction data evaluation, EMPIRE, in 2007.
This effort was complemented with release of updated set of ENDF checking codes in 2009.
As the final item on this list, major revision of ENDF-6 Formats Manual was made. This
work started in 2006 and came to fruition in 2009 as documented in the present report.

I would like to thank Mike Herman, the ENDF library data manager at the NNDC, as
well as Andrej Trkov, IJS Ljubljana, for their dedicated effort on the revised manual. They
converted it into LaTeX, carefully checked and implemented updates since the latest 2005
release and consolidated Manual into fully updated and revised version. Many thanks are
due to numerous CSEWG members and international colleagues for their useful comments
and observations on several draft versions. It should be stressed that even though the
Manual is maintained by the United States, active contribution from the international data
community is essential for achieving its high quality.

It is my expectation that this major revision will be embraced by the data evaluators as
well as members of numerous user communities worldwide.

Upton, June 2009 Pavel Oblozinsky
CSEWG chair until January 2009
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Chapter 0O
INTRODUCTION

This revision of "ENDF-6 Formats Manual” pertains to version 6 of the ENDF formats.
The seventh version of the ENDF /B library, namely ENDF/B-VII, uses ENDF-6 formats.

The manual is based on the previous version of the document, revised in June 2005,
In some cases the older version from October 1991 was consulted in order to resolve some
ambiguities and errors that were introduced when the reference document was translated
from WordPerfect in Word format.

Below is a list of changes to the formats and procedures that appear in this edition. In
addition, many typographical error corrections and improvements to the text for clarity are
included. Users of this manual who note deficiencies or have suggestions are encouraged to
contact the National Nuclear Data Center.

Major updates to Manual for Revision June 2009

Detailed review of the entire manual.

e Conversion to KTEX.

Inclusion of recommendations from previous CSEWG Meetings that were not incor-
porated into the text.

Inclusion of recommendations from the November 2008 CSEWG Meeting.

Major updates to Manual for Revision July 2010, as approved at the November
2009 CSEWG Meeting

e Introduction of the scattering radius uncertainty in File 32,

1



e (Clarification on interpolation in the unresolved resonance range,
e Addition of the IZAP parameters in Files 9 and 10 for consistency with File 10.

e Corrections of minor typing errors.



0.1. INTRODUCTION TO THE ENDF-6 FORMAT

0.1 Introduction to the ENDF-6 Format

The ENDF formats and libraries are decided by the Cross Section Evaluation Working
Group (CSEWG), a cooperative effort of national laboratories, industry, and universities in
the U.S. and Canada, and are maintained by the National Nuclear Data Center (NNDC).

Earlier versions of the ENDF format provided representations for neutron cross sections
and distributions, photon production from neutron reactions, a limited amount of charged-
particle production from neutron reactions, photo-atomic interaction data, thermal neutron
scattering data, and radionuclide production and decay data (including fission products).
Version 6 of the formats (ENDF-6) allows higher incident energies, adds more complete
descriptions of the distributions of emitted particles, and provides for incident charged par-
ticles and photonuclear data by partitioning the ENDF library into sub-libraries. Decay
data, fission product yield data, thermal scattering data, and photo-atomic data have also
been formally placed in sub-libraries.

0.2 Philosophy of the ENDF System

The ENDF system was developed for the storage and retrieval of evaluated nuclear data to
be used for applications of nuclear technology. These applications control many features of
the system including the choice of materials to be included, the data used, the formats used,
and the testing required before a library is released. An important consequence of this is
that each evaluation must be complete for its intended application. If the required data
are not available for some particular reactions, the evaluator should supply them by using
systematics or nuclear models.

The ENDF system is logically divided into formats and procedures. Formats describe
how the data are arranged in the libraries and give the formulas needed to reconstruct
physical quantities such as cross sections and angular distributions from the parameters in
the library. Procedures are the more restrictive rules that specify what data types must
be included, which format can be used in particular circumstances, and so on. Procedures
are, generally, imposed by a particular organization, and the library sanctioned by the Cross
Section Evaluation Working Group (CSEWG) is referred to as ENDF /B. Other organizations
may use somewhat different procedures, if necessary, but they face the risk that their libraries
will not work with processing codes sanctioned by CSEWG.

0.2.1 Evaluated Data

An evaluation is the process of analyzing experimentally measured physical parameters
(such as cross sections), combining them with the predictions of nuclear model calculations,
and attempting to extract the true values of such parameters. Parameterization and reduc-
tion of the data to tabular form produces an evaluated data set. If a written description
of the preparation of a unique data set from the data sources is available, the data set is
referred to as a documented evaluation.
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0.2.2 ENDF/B Library

The ENDF/B library maintained at the National Nuclear Data Center (NNDC) contains
the recommended evaluation for each material. Each material is as complete as possible;
however, completeness depends on the intended application. For example, when a user is
interested in performing a reactor physics calculation or in doing a shielding analysis, he
needs evaluated data for all neutron-induced reactions, covering the full range of incident
neutron energies, for each material in the system that he is analyzing. Also, the user
expects that the file will contain information such as the angular and energy distributions
for secondary neutrons. For another calculation, the user might only be interested in some
minor isotope activation, and would then be satisfied by an evaluation that contains only
reaction cross sections.

ENDF /B data sets are revised or replaced only after extensive review and testing. This
allows them to be used as standard reference data during the lifetime of the particular
ENDF /B library version.

There may be other libraries not endorsed by CSEWG that adopt the ENDF-6 format.
In the text that follows, any library in ENDF-6 format will be referred to as an ENDF
library.

0.2.3 Choices of Data

The data sets contained in the ENDF /B library are those chosen by CSEWG from evalua-
tions submitted for review. The choice is made on the basis of requirements for applications,
conformance of the evaluation to the formats and procedures, and performance in testing.
The data set that represents a particular material may change when:

e new significant experimental results become available,
e integral tests show that the data give erroneous results, or

e users’ requirements indicate a need for more accurate data and/or better representa-
tions of the data for a particular material.

New or revised data sets are included in new releases of the ENDF /B library.

0.2.4 Experimental Data Libraries

The CSISRS/EXFOR library of experimentally measured nuclear reaction data is main-
tained internationally by the Nuclear Reaction Data Centers Network (NRDC)". In addition
to numerical data, the CSISRS/EXFOR library contains bibliographic information, as well
as details about the experiment (standards, renormalization, corrections, etc.).

At the beginning of the evaluation process the evaluator may retrieve the available ex-
perimental data for a particular material by direct access to the CSISRS/EXFOR database
via the World Wide Web?

I http:/ /www-nds.iaea.org/nrdc.html”
2" http:/ /www.nndc.bnl.gov/exfor /7 or "http://www-nds.iaea.org/exfor/”.
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0.2.5 Processing Codes

Once the evaluated data sets have been prepared in ENDF format, they can be converted
into forms appropriate for testing and actual applications using processing codes. Process-
ing codes that generate pointwise and group-averaged cross sections for use in neutronics
calculations from an ENDF library are available. These codes® * include functions such as
resonance reconstruction, Doppler broadening, multigroup averaging, and /or rearrangement
into specified interface formats.

The basic data formats for an ENDF library have been developed in such a manner that
few constraints are placed on using the data as input to the codes that generate any of the
secondary libraries.

0.2.6 Testing

All ENDF/B evaluations go through at least some testing before being released as a part of
the library. Phase 1 testing uses a set of utility codes® maintained by NNDC for checking and
visual inspection by a reviewer to assure that the evaluation conforms to the current formats
and procedures, takes advantage of the best recent data, and chooses format options suited
to the physics being represented. Phase 2 uses calculations of data testing ”benchmarks,”
when available, to evaluate the usefulness of the evaluation for actual applications.® ™ This
checking and testing process is a critically important part of the ENDF system.

0.2.7 Documentation

The system is documented by a set of ENDF reports (see Section 0.7) published by the
National Nuclear Data Center at Brookhaven National Laboratory. In addition, the current
status of the formats, procedures, evaluation process, and testing program is contained in
the Summary of the Meetings of the Cross Section Evaluation Working Group.

0.3 General Description of the ENDF System

The ENDF libraries are a collection of documented data evaluations stored in a defined
computer-readable format that can be used as the main input to nuclear data processing
programs. For this reason, the ENDF format has been constructed with the processing codes
in mind. The ENDF format uses 80-character records. For historic reasons the parameters
are defined in the old-fashioned form of FORTRAN variables (that is, integers start with

3D.E. Cullen, PREPRO 2007 - 2007 ENDF/B Pre-processing Codes, report TAEA-NDS-39, Rev. 13,
March 2007

4 R.E. MacFarlane, D.W. Muir, The NJOY Nuclear Data Processing System, Version 91, LA-12740-M
(1994)

® C. L. Dunford, ENDF Utility Codes, "http://www.nndc.bnl.gov/nndcscr /endf/”

6 Cross Section Evaluation Working Group Benchmark Specifications, ENDF-202, 1974 (last updated
1991).

TOECD/NEA: The International Criticality Safety Benchmark Evaluation Project (ICSBEP),
"http://icsbep.inel.gov /7.
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the letters I, J, K, L, M, or N, and parameters starting with other letters represent real
numbers). A complete list of all the parameters defined for the ENDF-6 format can be
found in Appendix A (Glossary).

Each ENDF evaluation is identified by a set of key parameters organized into a hierarchy.
Following is a list of these parameters and their definitions.

0.3.1 Library (NLIB, NVER, LREL, NFOR)

A library is a collection of material evaluations from a recognized evaluation group. Each
of these collections is identified by an NLIB number. Currently defined NLIB numbers are
given in Table 2. The NVER, LREL and NFOR parameters that describe the version, release
number and format of the library are defined in Table 16.

0.3.2 Incident Particles and Data Types (NSUB)

The sub-library distinguishes between different incident particles and types of data using
NSUB = 10*IPART+ITYPE. In this formula, IPART=1000*Z+A defines the incident parti-
cle; use IPART=0 for incident photons or no incident particle (decay data), use IPART=11
for incident electrons, and IPART=0 for photo-atomic or electro-atomic data. The sub-
libraries allowed in ENDF-6 are listed in Table 3.

Sublibraries contain the data for different materials identified by MAT numbers. Each
material evaluation contains data blocks referred to as ”Files”. For the precise definition of
the material numbers and Files see Section 0.4.

0.3.2.1 Incident-Neutron Data (NSUB=10)

The procedures for describing neutron-induced reactions for ENDF-6 have been kept similar
to the procedures used for previous versions so that current evaluations can be carried over,
and in order to protect existing processing capabilities. The new features have most of
their impact at high energies (above 5-10 MeV) or low atomic weight (*H, *Be), and include
improved energy-angle distributions, improved nuclear heating and damage capabilities,
improved charged-particle spectral data, and the use of R-matrix or R-function resonance
parameterization.

Each evaluation starts with a descriptive data and directory, File 1 (see Section 1.1). For
fissionable isotopes, sections of File 1 may be present that describe the number of neutrons
produced per fission and the energy release from fission.

A File 2 with resonance parameters is always given. For some materials, it may contain
only the effective scattering radius, and for other materials, it may contain complete sets of
resolved and/or unresolved resonance parameters.

A File 3 with tabulated cross sections is always given. The minimum required energy
range is from the threshold or from 107> eV up to 20 MeV, but higher energies are allowed.
There is a section for each important reaction or sum of reactions. The reaction MT-numbers
for these sections are chosen based on the emitted particles as described in Section 0.4.3
(Reaction Nomenclature). For resonance materials in the resolved resonance energy range,
the cross sections for the elastic, fission, and capture reactions are normally the sums of

6
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Table 1: Key parameters defining the hierarchy of entries in an ENDF file.

Library @ NLIB a collection of evaluations from a specific evaluation
group (e.g., NLIB 0=ENDF /B, see Table 2 for details).

Version NVER one of the periodic updates to a library in ENDF format
(e.g., NVER=T7 for ENDF/B-VII). A change of version
may imply a change in format, standards, and/or pro-
cedures.

Release  LREL library release number of an intermediate release con-
taining minor updates and corrections of errors after a
general release of a library. A release number is ap-
pended to the library/version name for each succeeding
revision of the data set(e.g., ENDF/B-VI.2 for Release 2
of the ENDF/B-VI library).

Sublibrary NSUB a set of evaluations for a particular data type, (e.g.,
NSUB=4 for radioactive decay data, 10 for incident-
neutron data, 12 for thermal neutron scattering data,
etc.). (See Table 3 for the complete list of sub-libraries).

Format NFOR format in which the data is tabulated; tells the process-
ing codes how to read the subsequent data records (e.g.,
NFOR=6 for ENDF-6).

Material MAT integer designation for the target in a reaction sub-
library, or the radioactive (parent) nuclide in a decay
sub-library; see Section 0.4.1.

Mod NMOD "modification” flag; see Section 0.4.1.

File MF subdivision of material identified by (MAT) into logi-
cal units referred to as Files; each File contains data
for a certain class of information (e.g., MF=3 contains
reaction cross sections, MF=4 contains angular distri-
butions, etc.). MF runs from 1 to 99. (See Table 4 for
a complete list of assigned MF numbers).

Section  MT subdivision of a File identified by (MF) into sections;
each section describes a particular reaction or a par-
ticular type of auxiliary data (e.g., MT=102 contains
capture data, etc.). MT runs from 1 to 999. (See Ap-
pendix B for a complete list of assigned MT numbers).
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Table 2: Currently defined NLIB numbers

NLIB Library Definition

0 ENDF /B - United States Evaluated Nuclear Data File

1 ENDEF /A - United States Evaluated Nuclear Data File

2 JEFF - NEA Joint Evaluated Fission and Fusion File (formerly
JEF)

3 EFF - European Fusion File (now part of JEFF)

4 ENDF /B High Energy File

) CENDL - China Evaluated Nuclear Data Library

6 JENDL - Japan Evaluated Nuclear Data Library

21 SG-23 - Fission product library of the Working Party on Evaluation
Cooperation Subgroup-23 (WPEC-SG23)

31 INDL/V - TAEA Evaluated Neutron Data Library

32 INDL/A - TAEA Nuclear Data Activation Library

33 FENDL - TAEA Fusion Evaluated Nuclear Data Library

34 IRDF - TAEA International Reactor Dosimetry File

35 BROND - Russian Evaluated Nuclear Data File (TAEA version)

36 INGDB-90 - Geophysics Data

37 FENDL/A - FENDL activation evaluations

41 BROND - Russian Evaluated Nuclear Data File (original version)

Table 3: Sub-library Numbers and Names

NSUB IPART ITYPE Sub-library Names

0 0 0 Photo-Nuclear Data

1 0 1 Photo-Induced Fission Product Yields
3 0 3 Photo-Atomic Interaction Data

4 0 4 Radioactive Decay Data

) 0 ) Spontaneous Fission Product Yields

6 0 6 Atomic Relaxation Data

10 1 0 Incident-Neutron Data

11 1 1 Neutron-Induced Fission Product Yields
12 1 2 Thermal Neutron Scattering Data

113 11 3 Electro-Atomic Interaction Data

10010 1001 0 Incident-Proton Data

10011 1001 1 Proton-Induced Fission Product Yields
10020 1002 0 Incident-Deuteron Data

10030 1003 0 Incident-Triton Data

20030 2003 0 Incident-Helion (*He) Data

20040 2004 0 Incident-Alpha data
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the values given in File 3 and the resonance contributions computed from the parameters
given in File 2. An exception to this rule is allowed for certain derived evaluations (see
LRP=2 in Section 1.1). In the unresolved resonance range, the self-shielded cross sections
will either be sums of File 2 and File 3 contributions, as above, or File 3 values multiplied
by a self-shielding factor computed from File 2 (see Sections 2.3.1, 2.4.17).

Distributions for emitted neutrons and other particles or nuclei are given using File 4,
a combination of Files 4 and 5, or File 6. As described in more detail in Chapter 4, File 4
is used for simple two-body reactions (elastic, discrete inelastic). Files 4 and 5 are used
for simple continuum reactions, which are nearly isotropic, have minimal pre-equilibrium
component, and emit only one important particle. File 6 is used for more complex reactions
that require energy-angle correlation, that are important for heating or damage, or that
have several important products, which must be tallied.

If any of the reaction products are radioactive, they should be described further in File 8.
This file indicates how the production cross section is to be determined (from File 3, 6, 9,
or 10) and gives minimal information on the further decay of the product. Additional decay
information can be retrieved from the decay data sub-library when required.

Note that yields of particles and residual nuclei are sometimes implicit; for example,
the neutron yield from reaction A(n,2n) is two and the yield of the product A-1 is one. If
File 6 is used, all yields are given explicitly. This is convenient for computing gas production
and transmutation cross sections. Branching ratios (or relative yields) for the production of
different isomeric states of a radionuclide may be given in File 9. Alternatively, radionuclide
isomer-production cross sections can be given in File 10. In the latter case, it is possible
to determine the yield by dividing by the corresponding cross section from File 3. File 9 is
used in preference to File 10 for reactions described by resonance parameters (e.g., radiative
capture).

For compatibility with earlier versions, photon production and photon distributions can
be described using File 12 (photon production yields), File 13 (photon production cross
sections), File 14 (photon angular distributions), and File 15 (photon energy distributions).
Note that File 12 is preferred over File 13 when strong resonances are present (capture,
fission). Whenever possible, photons should be given with the individual reaction that
produced them using File 12. When this cannot be done, summation MT numbers can be
used in Files 12 or 13 as described in Section 0.4.3.8.

When File 6 is used to represent neutron and charged-particle distributions for a reaction,
it should also be used for all other emitted particles like photons and recoils. This makes an
accurate energy-balance check possible for the reaction. When emitted photons cannot be
assigned to a particular reaction, they can be represented using summation MT numbers as
described in Section 0.4.3.8.

Finally, covariance data are given in Files 30-40. Procedures for these files are given in
Chpaters 30-40.
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0.3.2.2 Thermal Neutron Scattering (NSUB=12)

Thermal neutron scattering data® are kept in a separate sub-library because the targets are
influenced by their binding to surrounding atoms and their thermal motion; therefore, the
physics represented” requires different formats than other neutron data. The data extend
to a few eV for several molecules, liquids, solids, and gases. As usual, each evaluation starts
with descriptive data and a directory file (see Section 1.1). The remaining data is included
in File 7. Either the cross sections for elastic coherent scattering, if important, are derived
from Bragg edges and structure factors, or cross sections for incoherent elastic scattering
are derived from the bound cross section and Debye-Waller integral. Finally, scattering
law data for inelastic incoherent scattering are given, using the S(a,() formalism and the
short-collision-time approximation.

0.3.2.3 Fission Product Yield Data

Data for the production of fission products are given in different sub-libraries according to
the mechanism inducing fission. Currently, sub-libraries are defined for yields from sponta-
neous fission (NSUB=5), neutron-induced fission product yields (NSUB=11), photo-induced
fission product yields (NSUB=1), proton-induced fission product yields (NSUB=10011) and
other charged-particle induced fission product yields, where the NSUB value is defined as
described in Section 0.3.2. Each material starts with a descriptive data and directory file
(see Section 1.1). The remaining data is given in File 8, which contains two sections: inde-
pendent yields, and cumulative yields. As described in Section 8.3, the format for these two
sections is identical. Uncertainty data are self-contained in File 8.

0.3.2.4 Radioactive Decay Data (NSUB=4)

Evaluations of decay data for radioactive nuclides are grouped together into a sub-library.
This sub-library contains decay data for all radioactive products (e.g., fission products and
activation products). Fission product yields and activation cross sections will be found
elsewhere. Each material contains two, three, or four files, and starts with a descriptive
data and directory file (see Section 1.1). For materials undergoing spontaneous fission,
additional sections in File 1 give the total, delayed, and prompt fission neutron yields. In
addition, the spectra of the delayed and prompt neutrons from spontaneous fission are given
in File 5. The File 5 formats are the same as for particle-induced fission (see Section 5),
and the distributions are assumed to be isotropic in the laboratory system. File 8 contains
half-lives, decay modes, decay energies, and radiation spectra (see Section 8.4). Finally,
covariance data for the spectra in File 5 may be given in File 35; covariance data of other
parameters are self-contained in File 8.

8 Used for incident neutrons, IPART=1 only.
9 J.U. Koppel and D.H. Houston, Reference Manual for ENDF Thermal Neutron Scattering Data, General
Atomic report GA-8774 (ENDF-269) (Revised and reissued by NNDC, July 1978).
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0.3.2.5 Charged-Particle (NSUB>10010) and
Photo-Nuclear (NSUB=0) Sub-libraries

Evaluations for incident charged-particle and photo-nuclear reactions are grouped together
into sub-libraries by projectile. As usual, each evaluation starts with a descriptive data and
directory file (see Section 1.1). For particle-induced fission or photo-fission, File 1 can also
contain sections giving the total, delayed, and prompt number of neutrons per fission, and
the energy released in fission. Resonance parameter data (File 2) may be omitted entirely
(see LRP=-1 in Section 1.1).

Cross sections are given in File 3. The MT numbers used are based upon the particles
emitted in the reaction as described in Section 0.4.3. A special case is the elastic scattering
of charged particles, which is discussed separately in Section 0.4.3.1. Explicit yields for
all products (including photons) must be given in File 6. In addition, the charged-particle
stopping power should be given. If any of the products described by a section of File 6
are radioactive, they should be described further in a corresponding section of File 8. This
section gives the half-life, minimum information about the decay chain, and decay energies
for the radioactive product. Further details, if required, can be found in the decay data
sub-library.

Angular distributions or correlated energy-angle distributions can be given for all par-
ticles, recoil nuclei, and photons in File 6. It is also possible to give only the average
particle energy for less important reactions, or even to mark the distribution ”unknown”
(see Section 6.2.1).

Finally, Files 30 through 40 may be used to describe the covariances for charged-particle
and photo-nuclear reactions.

0.3.2.6 Photo-Atomic Interaction Data (NSUB=3)

Incident photon reactions with the atomic electrons'’ are kept in a separate sub-library.
These data are associated with elements rather than isotopes. Each material starts with a
descriptive data and directory file (see Section 1.1), as usual. In addition, the material may
contain File 23 for photon interaction cross sections, and File 27 for atomic form factors.

0.3.2.7 Electro-Atomic Interaction Data (NSUB=113)

Incident electron reactions with the atomic electrons are also kept in a separate sublibrary.
These data are again associated with elements rather than isotopes. Each material starts
with a descriptive data and directory file (see Section 1.1), as usual. In addition, File 23 is
given for the elastic, ionization, bremsstrahlung, and excitation cross sections, and File 26
is given for the elastic angular distribution, the bremsstrahlung photon spectra and energy
loss, the excitation energy transfer, and the spectra of the scattered and recoil electrons
associated with subshell ionization.

10 D E. Cullen, et al., EPDL97: the Evaluated Photon Data Library, 97 Version, UCRL-50400, Vol. 6,
Rev. 5, September 1997.
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0.3.2.8 Atomic Relaxation Data (NSUB=6)

The target atom can be left in an ionized state due to a variety of different types of interac-
tions, such as photon or electron induced ionization, internal conversion, etc. This section
provides the data needed to describe the relaxation of an ionized atom back to neutral-
ity. This includes subshell energies, transition energies, transition probabilities, and other
parameters needed to compute the X-ray and electron spectra due to atomic relaxation.

The materials are elements. Each material starts with a descriptive data and directory
file (see Section 1.1), as usual. In addition, File 28 is given containing the relaxation data
for all the subshells defined in the photo-atomic or electro-atomic sublibraries.

0.4 Contents of an ENDF Evaluation

For a given sub-library (NSUB) that defines the projectile and the type of data, the target
material for a reaction evaluation or the radioactive nuclide for a decay evaluation is specified
by the material (MAT) number. An evaluation for a material is further subdivided into
data blocks called "Files”, identified by the MF-number. Sections within individual Files
are identified by the MT-numbers, which indicate the type of data represented by a section
and the products resulting from the reaction.

0.4.1 Material (MAT, MOD)

A material may be a single nuclide, a natural element containing several isotopes, or a
mixture of several elements (compound, alloy, molecule, etc.). A single isotope can be in
the ground state or an excited (or isomeric) state. Each material in an ENDF library is
assigned a unique identification number, designated by the symbol MAT, which ranges from
1 to 9999.1

The assignment of MAT numbers for ENDF /B libraries is made on a systematic basis
assuming uniqueness of the four digit MAT number for a material. A material will have
the same MAT number in each sub-library (decay data, incident neutrons, incident charged
particles, etc.).

One hundred MAT numbers (Z01-Z99) have been allocated to each element Z, through
Z = 98. Natural elements have MAT numbers Z00. The MAT numbers for isotopes of an
element are assigned on the basis of increasing mass in steps of three, allowing for the ground
state and two metastable states.'? In the ENDF/B files, which are application oriented, the
evaluations of neutron excess nuclides are of importance, since this category of nuclide is
required for decay heat applications. Therefore, the lightest stable isotope is assigned the
MAT number Z25 so that the formulation can easily accommodate all the neutron excess
nuclides.

1 The strategy for assigning MAT numbers for ENDF /B libraries is described here; other libraries may
have different schemes.

12 This procedure leads to difficulty for the nuclides of xenon, cesium, osmium, platinum, etc., where more
than 100 MAT numbers could be needed and some decay data where more than two isomeric states might
be present.
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For the special cases of elements from einsteinium to lawrencium (Z> 99) MAT numbers
99zz are assigned, where zx = 30, 25, 20, 15, and 12 for elements 99 to 103 respectively;
such a scheme covers all known nuclides with allowance for expansion.

For mixtures, compounds, alloys, and molecules, MAT numbers between 0001 and 0099
are assigned on a special basis (see Appendix C).

The above conventions are adopted in ENDF /B libraries and are recommended (but not
mandatory) in other libraries in ENDF-6 format.

All versions of a data set (i.e., the initial release, revisions, or total re-evaluations) are
indicated using the material ”modification” MOD number. For example, for the initial
release of ENDF/B-VI, the modification flag for each material (MAT) and section (MT)
carried over from previous versions is set to zero (MOD=0); for new evaluations they are set
to one (MOD=1). Each time a change is made to a material, the modification flag for the
material is incremented by one. The modification flag for each section changed in the revised
evaluation is set equal to the new material modification number. If a complete re-evaluation
is performed, the modification flag for every section is changed to equal the new material
"modification” number.

As an example, consider the following. Evaluator X evaluates a set of data for 2**Uand
transmits it to the NNDC. The Center assigns the data set a MAT number of 9228 subject
to CSEWG’s approval of the evaluation. This evaluation has ”modification” flags equal to
1 for the material and for all sections. Should the evaluation of material 9228 subsequently
be revised and released with CSEWG’s approval, the material will be assigned MOD flag
of 2. This material would have MOD flags of 2 on each revised section, but the unchanged
sections will have MOD flags of 1.

0.4.2 ENDF Data Blocks (Files - MF)

A 7File” in the ENDF nomenclature is a block of data in an evaluation that describes a
certain data type. The list of allowed Files (MF') and a description of their usage in different
sub-libraries is given in Table 4.

With respect to the earlier versions of the ENDF formats the following MF numbers
have been retired: 16, 17, 18, 19, 20, 21, 22, 24, and 25.

The structure and the contents of the Files are described in details in the Chapters that
follow.

0.4.3 Reaction Nomenclature (MT)

The following paragraphs explain how to choose MT numbers for particle-induced and photo-
nuclear reactions in ENDF-6. A complete list of the definitions of the MT numbers can be
found in Appendix B.

0.4.3.1 Elastic Scattering

Elastic scattering is a two-body reaction that obeys the kinematic equations given in Ap-
pendix E. The sections are labeled by MT=2 (except for photo-atomic data, see Chapter 23).
For incident neutrons, the elastic scattering cross section is determined from File 3 together

13
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Table 4: Definitions of File Types (MF)

MF Description

General information

Resonance parameter data

Reaction cross sections

Angular distributions for emitted particles

Energy distributions for emitted particles

Energy-angle distributions for emitted particles

Thermal neutron scattering law data

Radioactivity and fission-product yield data

9 Multiplicities for radioactive nuclide production

10 Cross sections for radioactive nuclide production

12 Multiplicities for photon production

13 Cross sections for photon production

14 Angular distributions for photon production

15 Energy distributions for photon production

23 Photo- or electro-atomic interaction cross sections

26 Electro-atomic angle and energy distribution

27 Atomic form factors or scattering functions for photo-atomic interactions
28  Atomic relaxation data

30  Data covariances obtained from parameter covariances and sensitivities
31  Data covariances for nu(bar)

32  Data covariances for resonance parameters

33  Data covariances for reaction cross sections

34  Data covariances for angular distributions

35  Data covariances for energy distributions

39  Data covariances for radionuclide production yields

40  Data covariances for radionuclide production cross sections

CO 1O Ul W

with resonance contributions, if any, from File 2. The angular distribution of scattered
neutrons is given in File 4.

For incident charged particles, the Coulomb scattering makes it impossible to define
an integrated cross section, and File 3, MT=2 contains either a dummy value of 1.0 or a
"nuclear plus interference” cross section defined by a particular cutoff angle. The rest of
the differential cross section for the scattered particle is computed from parameters given in
File 6, MT=2 (see Section 6.2.6).

0.4.3.2 Simple Single Particle Reactions

Many reactions have only a single particle and a residual nucleus (and possibly photons)
in the final state. These reactions are associated with well-defined discrete states or a
continuum of levels in the residual nucleus, or they may proceed through a set of broad
levels that may be treated as a continuum. The MT numbers to be used are given in
Table 5.

14
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Table 5: Definitions of M'T numbers of Simple Single Particle Reactions

Discrete Continuum Discrete + Emitted
Continuum Particle

50-90 91 4 n

600-648 649 103 p

650-698 699 104 d

700-748 749 105 t

750-798 799 106 3He

800-848 849 107 «

By definition, the emitted particle is the lighter of the two particles in the final state.

If the reaction is associated with a discrete state in the residual nucleus, use the first
column of numbers in Table 5. For example, neutron emission MT=50 leaves the residual
nucleus in the ground state, MT=51 leaves it in the first excited state, MT=52 in the
second, and so on. A similar convention applies to all other reactions. The elastic reaction
uses MT=2 as described above and the emitted particle is of the same type as the incident
particle; therefore, do not use MT=50 for incident neutrons, do not use MT=600 for incident
protons, and so on. For incident neutrons, the discrete reactions are assumed to obey two-
body kinematics (see Appendix E), and the angular distribution for the particle is given in
File 4 or File 6 (except for MT=2). If possible, the emitted photons associated with discrete
levels should be represented in full detail using the corresponding MT numbers in File 6 or
File 12. For incident charged particles, the emitted particle must be described in File 6. A
two-body law can be used for narrow levels, but broader levels can also be represented using
energy-angle correlation. Photons associated with the particle should be given in the same
section (MT) of File 6 when possible.

If the reaction is associated with a range of levels in the residual nucleus (i.e., continuum),
use the second column of MT numbers. For incident neutrons, Files 4 and 5 are allowed for
compatibility with previous versions, but it may be necessary to use File 6 to obtain the
desired accuracy. When Files 4 and 5 are used, photons should be given in File 12 using the
same MT number if possible. For more complicated neutron reactions or incident charged
particles, File 6 must be used for the particle and the photons.

The ”sum” MT numbers (3" column in Table 5) are used in File 3 for the sum of all
the other reactions in that row, but they are not allowed for describing particle distribu-
tions in Files 4, 5, or 6. As an example, a neutron evaluation might contain sections with
MF/MT=3/4, 3/51, 3/91, 4/51, and 6/91. A deuteron evaluation might contain sections
with 3/103, 3/600, and 6/600 (the two sections in File 3 would be identical). For a neu-
tron evaluation with no 600-series distributions or partial reactions given, MT=103-107 can
appear by themselves; they are simply components of the absorption cross section.

In some cases, it is difficult to assign all the photons associated with a particular particle
to the reactions used to describe the particle. In such cases, these photons can be described
using the "sum” MT numbers in File 12 or 13 (for neutrons) or in File 6 (for other projectiles).

Some examples of simple single-particle reactions are listed in Table 6. Nomenclature z,
for the emitted particle implies particle ”z” emission with residual in the n-th discrete level
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state.

Table 6: Examples of simple single-particle reactions

Reaction MT
9Be(a,ng)*C 50
Fe(n,n.)Fe 91
2H(d,po)?He 600
Li(t,do)"Li 650
Li(t,dy)"Li 651

For the purposes of this manual, reactions are written as if all prompt photons have
been emitted; that is, the photons do not appear explicitly in the reaction nomenclature.

Therefore, no 7*”

state of the nucleus.

0.4.3.3 Simple Multi-Particle Reactions

is given on Li in the last example above that would signify the excited

If a reaction has only two to four particles, a residual nucleus, and photons in the final
state, and if the residual nucleus does not break up, it will be called a ”simple multi-particle
reaction.” The MT numbers that can be used are listed in Table 7.

Table 7: Examples of simple multi-particle reactions

MT Emitted Particles MT Emitted Particles
11 2nd 37 4n
16 2n 41 2np
17 3n 42 3np
22 no 44 n2p
23 n3a 45 npa
24 2na 108 2a
25 3na 109 3a
28 np 111 2p
29 n2o 112 pa
30 2n2a 113 t2a
32 nd 114 d2«
33 nt 115 pd
34 n3He 116 pt
35 nd2« 117 da
36 nt2a

For naming purposes, particles are always arranged in ZA order; thus, (n,np) and (n,pn)
are summed together under MT=28. In addition, there must always be a residual particle.
By definition, it is the particle or nucleus in the final state with the largest ZA. This means
that the reaction d+t— n+a must be classified as the reaction *H(d,n)*He (MT=50) rather
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than the reaction *H(d,na) (MT=22). The cross sections for these reactions will be found
in File 3, as usual.

This list is not exhaustive, and new MT numbers can be added if necessary. However,
some reactions are more naturally defined as ”breakup” or ”complex” reactions (see below).

For compatibility with previous versions, Files 4 and 5 are allowed in the incident-neutron
sub-library. In this case, the particle described in Files 4 and 5 is the first one given under
”Emitted Particles” above. At high neutron energies, the use of File 6 is preferred because
it allows to describe energy-angle correlated distributions resulting from pre-equilibrium
effects for more than one kind of particle. Using File 6 also makes it possible to give an
energy distribution for the recoil nucleus and photons. These distributions are needed in
calculating nuclear heating and radiation damage. If Files 4/5 are used, photons should be
given in File 12 or 13 using the same MT number when possible. In some cases the photons
cannot be assigned to individual reactions, in which case their lumped contribution can be
described as the nonelastic cross section with MT=3, as described below.

For charged-particle sub-libraries, File 6 must be used for these reactions and should
include recoils and photons. If the photons cannot be assigned to a particular reaction, the
nonelastic MT=3 can be used as described below.

0.4.3.4 Breakup Reactions

A number of important reactions can be described as proceeding in two steps: first, one or
several particles are emitted as in the simple reactions described above, then the remaining
nuclear system either breaks up or emits another particle. In the nomenclature of ENDF-6,
these are both called ”breakup reactions.” For ENDF /B-V, these reactions were represented
using special MT numbers or LR flags”. For ENDF/B-VI, the preferred representation
uses File 3 and File 6. The same MT numbers are used as for the simple reactions described
above. The cross section goes in File 3 as usual, but a special LR flag is used to indicate
that this is a breakup reaction (see below). The yield and angular distribution or energy-
angle distribution for each particle emitted before breakup is put into File 6. In addition,
yields and distributions for all the breakup products are allowed in File 6. For photo-
nuclear and charged-particle sub-libraries, the photons are also given in File 6; but for
neutron sub-libraries, the photons may be given in Files 6 or 12-15. The approach of using
File 6 provides complete accounting of particle and recoil spectra for transport, heating, and
damage calculations. It also provides a complete accounting of products for gas production
and activation calculations. Finally, it does all of this without requiring a large list of new
MT numbers.

Some examples of breakup reactions are listed in Table 8. Nomenclature z, for the
emitted particle implies particle ”z” emission with residual in the n-th discrete level state.

By convention, the particles are arranged in Z, A order in each set of parentheses. This
leads to ambiguity in the choice of the intermediate state. For example,two possibilities of
representation exist for neutrons incident on a 2C target:

2C(n,n") 2C — 3«

2C(n,a) 'Be — n+2a

and similarly, there are four possible representations for tritons incident on a “Li target:
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Table 8: Examples of breakup reactions

Reaction MT
SH(t,no) "He — n+a 50
Li(d,n3) "‘Be — *He+a 53
Li(n,n,) "Li — t+a 91
"Li(t,2n) *Be — 2« 16
Li(p,d;) SLi — d+a« 651
9Be(a,n3) ?C — 3a 53

160 (n,ng) 1°0 — a+'2C 56

"Li(t,2n) *Be — 2«

"Li(t,n) °Be — n+2a
Li(t,a) *He — 2n+a
"Li(t,na) "He — n+a

The evaluator must either choose one channel, partition the reaction between several chan-
nels, or use the "complex reaction” notation (see below). Care must be taken to avoid
double counting.

In some cases, a particular intermediate state can break up by more than one path; for
example:

Li(d,ps) "Li — t+a E, = 7.47 MeV,

SLi(d,ps) "Li — n+SLi.

If two channels are both given under the same MT number, File 6 is used to list the
emitted particles and to give their fractional yields. The notation to be used for this type
of reaction is:

5Li(d,ps)"Li — X.
where 7X” designates all reaction products.

Note that the ()-value calculated for the entire reaction is not well defined. Another
option is to split the reaction up and use two consecutive MT numbers as follows:

SLi(d,ps) "Li — t+a Ex=7.47 MeV, MT=604,

Li(d,ps) “Li — n+5Li Ex=7.4701 MeV, MT=605.

The same proton distribution would be given for MT=604 and 605. The mass-difference
Q-value is well defined for both reactions, but the level index no longer corresponds to real
levels.

The choice between the ”simple multi-particle” and ”breakup” representations should
be based on the physics of the process. As an example, an emission spectrum may show
several peaks superimposed on a smooth background. If the peaks can be identified with
known levels in one or more intermediate systems, they can be extracted and represented
by breakup MT numbers. The remaining smooth background can often be represented as a
simple multi-particle reaction.

As described above, the MT number for a simple reaction indicates which particles are
emitted. However, complex breakup reactions emit additional particles. The identity of
these additional particles can be determined from LR or File 6.
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Table 9: Identification of additional particles in File 6
LR Meaning

0 Simple reaction. Identity of the product is implicit in MT.
1 Complex or breakup reaction. The identity of all products is given explicitly
in File 6.

22 a emitted (plus residual, if any)
23 3« emitted (plus residual, if any)
24 na emitted (plus residual, if any)
25 2na emitted (plus residual, if any)
28 p emitted (plus residual, if any)
29 2« emitted (plus residual, if any)
30  n2a emitted (plus residual, if any)
32 d emitted (plus residual, if any)
33 t emitted (plus residual, if any)
34 3He emitted (plus residual, if any)
35 d2a emitted (plus residual, if any)
36  t2« emitted (plus residual, if any)
39 internal conversion

40 electron-positron pair formation

The values LR=22-36 are provided for compatibility with ENDF/B-V. Some examples
of their use are given in Table 10

Table 10: Some examples of LR values

Reaction MT LR
®Li(n,n;) °Li — d+« 51 32
i(n,n,) Li — t+a 91 33
B(n,ny) B — d+2« 62 35
2C(n,ny) 2C — 3« 52 23
160(n,n;) 1°0 — et+e +1°0 51 40
160(n,ng) 0 — a+12C 56 22

Note that the identity of the residual must be deduced from MT and LR. Only the first
particle is described in File 4 and/or File 5; the only information available for the breakup
products is the net energy that can be deduced from kinematics.

The use of LR=1 and File 6 is preferred for new evaluations because explicit yields and
distributions can be given for all reaction products.

0.4.3.5 Complex Reactions

At high energies, there are typically many reaction channels open, and it is difficult to
decompose the cross section into simple reactions. In such cases, the evaluation should use
MT=5. This complex reaction identifier is defined as the sum of all reactions not given
explicitly elsewhere in this evaluation. As an example, an evaluation might use only MT=2
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and 5. Sections of File 6 with MT=5 and the correct energy-dependent yields would then
represent the entire nonelastic neutron spectrum, the entire proton spectrum, and so on. A
slightly more refined evaluation might use MT=2, 5, 51-66, and 600-609. In this case, MT=5
would represent all the continuum neutron and proton emission. The discrete levels would
be given separately to represent the detailed angular distribution and two-body kinematics
correctly. The notation used for complex reactions is, for example, 5Li(d,X).

0.4.3.6 Radiative Capture

The radiative capture reaction is identified by MT=102. For neutron sublibraries, the only
products are usually photons, and they are represented in Files 6 or 12-15. Note that File 6 or
12 must be used for materials with strong resonances. For charged-particle libraries, simple
radiative capture reactions must be represented using File 3 and File 6. In addition, radiative
capture followed by breakup is common for light targets; an example is d+t— ~+n+a,
which is written as a breakup reaction *H(d,y)He(na) for the purposes of this format. This
reaction is represented using MT=102 with the special breakup flag set in File 3. The
gamma, neutron, and alpha distributions are all given in File 6.

0.4.3.7 Fission
The nomenclature used for fission is identical to that used in previous versions of the ENDF

format.

Table 11: Definition of MT numbers related to fission
MT Meaning Description

18 (z,xf) total prompt fission

19 (z,f) first chance fission

20 (z,nf) second chance fission

21 (z,2nf) third chance fission

38 (z,3nf) fourth chance fission

452  Tp total number of neutrons per fission
455 7y number of delayed neutrons per fission
456 7, number of prompt neutrons per fission
458 components of energy release in fission

Cross sections (File 3) can be given using either MT=18 or the combination of MT=19,
20, 21, and 38. In the latter case, MT=18 may be given and must contain the sum of the
partial reactions.

0.4.3.8 Nonelastic Reaction for Photon Production

Whenever possible, the same MT number should be used to describe both the emitted
particle and the photons. However, this is usually only possible for discrete photons from
low-lying levels, radiative capture, or for photons generated from nuclear models. Any
photons that cannot be assigned to a particular level or particle distribution can be given in
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a section with the nonelastic summation reaction MT=3 in File 6, 12, or 13 (for neutrons)
or in File 6 (for other projectiles). As described in Section 0.4.3.2, MT=4, 103, 104, 105,
106, and 107 can also be used as summation reactions for photon production in Files 12
and 13.

0.4.3.9 Special Production Cross Sections

A special set of production cross sections are provided, mostly for use in derived libraries.
The list is given in Table 12.

Table 12: Special MT numbers for particle production
MT Meaning
201 neutron production
202 photon production
203 proton production
204 deuteron production
205 triton production
206 3He production
207 « production

Each one is defined as the sum of the cross section times the particle yield over all
reactions (except elastic scattering) with that particle in the final state. The yields counted
must include implicit yields from reaction names, LR flags, or residual nuclei in addition to
explicit yields from File 6. As an example, for an evaluation containing the reactions (n,«)
(MT=107), and (n,n'3a) (MT=91, LR=23), the helium production cross section would be
calculated using

MT207 = MT107 + 3xMT91.

The cross section in File 3 is barns per particle (or photon). A corresponding distribution
can be given using Files 4 and 5, or the distribution can be given using File 6 with the
particle yield of 1.0. These MT numbers will ordinarily be used in File 3 of special gas
production libraries.

0.4.3.10 Auxiliary MT Numbers

Several MT numbers are used to represent auxiliary quantities instead of cross sections.
The values 151, 451, 452, 454, 455, 456, 457, 458, and 459 have already been mentioned.
Additional values are defined in Table 13

The continuous-slowing-down parameters (MT=251-253) and the heat production cross
sections (MT=301-450) are usually used in derived libraries only. A complete list of reaction
MT numbers and auxiliary MT numbers is given in Appendix B.

0.4.3.11 Sum Rules for ENDF

A number of ENDF reaction types can be calculated from other reactions. Whenever one
or more constituting reactions are present, the reaction defined by the summation rules is
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Table 13: Auxiliary MT numbers
MT Meaning

251 i, average cosine of the angle for elastic scattering (laboratory
system). Derived files only.

252 &, average logarithmic energy decrement for elastic scattering.
Derived files only.

253 v, average of the square of the logarithmic energy decrement,

divided by 2 x &. Derived files only.

301-450 Energy release rate parameters (eV-barns) for the reaction ob-
tained by subtracting 300 from this MT; e.g., 301 is total kerma,
407 is kerma for (n,«), etc. Derived files only.

851-870 Special series used only in covariance files (MF=31-40) to give
covariances for groups of reactions considered together (lumped
partials). See Chpater 30.

redundant and must be consistent with the sum of the constituting reactions. The rules for
these summations follow in Table 14.

Table 14: ENDF sum rules for cross sections

MT > MT Meaning
1 2,3 Total cross sections (incident neutrons only)
3 4-5, 11, 16-18, 22-26, Non-elastic

28-37, 41-42, 44-45
4 50-91 Total of neutron level cross sections (z,n)
18 19-21, 38 Total fission
27 18, 101 Total absorption
101 102-117 Neutron disappearance
103 600-649 Total of proton level cross sections (z,p)
104 650-699 Total of deuteron level cross sections (z,d)
105 700-749 Total of triton level cross sections (z,t)
106 750-799 Total of 3He level cross sections (z,>He)
107 800-849 Total of alpha level cross sections (z,a)

Note: Reactions corresponding to MT 3, 4, 18, 27, 101, 103-107 are redundant
when one or more of their constituting components are present. They must be
computed and accounted for internally, when reconstructing cross sections by
summation, even if they do not appear in the file explicitly.

0.5 Representation of Data

0.5.1 Definitions and Conventions

The data given in all sections always use the same set of units. These are summarized in
Table 15.
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Table 15: Summary of ENDF units

Quantity Units

energies electron-volts (eV)

angles dimensionless cosines of the angle

cross sections barns

temperatures Kelvin

mass units of the neutron mass

angular distributions probability per unit-cosine

energy distributions probability per electron-volt

energy-angle distributions probability per unit-cosine per electron-volt
half life seconds

The first record of every section contains a ZA number that identifies the specific material.
ZA variants are also employed to identify projectiles and reaction products. In most cases,
ZA is constructed by

ZA =1000.0 x Z + A,

where Z is the atomic number and A is the mass number for the material. If the material is
an element containing two or more naturally occurring isotopes in significant concentrations,
A is taken to be 0.0. For mixtures, compounds, alloys, or molecules, special ZA numbers
between 1 and 99 can be defined (see Appendix C).

A material, incident particle (projectile), or reaction product is also characterized by a
quantity that is proportional to its mass relative to that of the neutron. Typically, these
quantities are denoted as AWR, AWI, or AWP for a material, projectile, or product, respec-
tively. For example, the symbol AWR is defined as the ratio of the mass of the material to
that of the neutron.'® Another way to say this is that ”all masses are expressed in neutron
units.” For materials which are mixtures of isotopes, the abundance weighted average mass
is used.

0.5.1.1 Atomic Masses Versus Nuclear Masses

Mass quantities for materials (AWR for all Z) and "heavy” reaction products (AWP for
Z > 2) should be expressed in atomic units, i.e., the mass of the electrons should be
included. Mass quantities for incident particles (AWI) and "light” reaction products (AWP
for Z < 2) should be expressed in nuclear mass units. For neutrons, this ratio is 1.00000.
For charged particles likely to appear in ENDF files, see Appendix H.

0.5.2 Interpolation Laws

Many types of ENDF data are given as a table of values on a defined grid with an interpola-
tion law to define the values between the grid points. Simple one-dimensional ”graph paper”

13See Appendix H for neutron mass.
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interpolation schemes, a special Gamow interpolation law for charged-particle cross sec-
tions, simple Cartesian interpolation for two-dimensional functions, and two non-Cartesian
schemes for two-dimensional distributions are allowed.

0.5.2.1 One-dimensional Interpolation Schemes

Consider how a simple function y(x), which might be a cross section, o(FE), is represented.
y(x) is represented by a series of tabulated values, pairs of = and y(z), plus a method for
interpolating between input values. The pairs are ordered by increasing values of x. There
will be NP values of the pair, z and y(z) given. The complete region over which x is defined
is broken into NR interpolation ranges. An interpolation range is defined as a range of the
independent variable x in which a specified interpolation scheme can be used; i.e., the same
scheme gives interpolated values of y(z) for any value of x within this range. To illustrate
this, see Figure 1 and the definitions, below:

x(n) is the n'* value of x,
y(n) is the n' value of y,
NP is the number of pairs (x and y) given,
INT(m) is the interpolation scheme identification number used in the m' range,

NBT(m) is the value of n separating the m'* and the (m + 1) interpolation ranges.

The list of allowed interpolation schemes is given in Table 16.

Table 16: Definition of Interpolation Types
INT Interpolation Scheme
y is constant in z (constant, histogram)
y is linear in z (linear-linear)
y is linear in In(z) (linear-log)
In(y) is linear in x (log-linear)
In(y) is linear in In(x) (log-log)
special one-dimensional interpolation law, used for charged-particle cross sec-
tions only
11-15 method of corresponding points (follow interpolation laws of 1-5)
21-25 unit base interpolation (follow interpolation laws of 1-5)

DO W N~

Interpolation code, INT=1 (constant), implies that the function is constant and equal
to the value given at the lower limit of the interval.

Note that where a function is discontinuous (for example, when resonance parameters
are used to specify the cross section in one range), the value of z is repeated and a pair
(x,y) is given for each of the two values at the discontinuity (see Figure 1).

A one-dimensional interpolation law, INT=6, is defined for charged-particle cross sections
and is based on the limiting forms of the Coulomb penetrabilities for exothermic reactions
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NBT(1)=3 NBT(2)=7  NBT(3)=10
<— RANGE I—— RANGE 2 RANGE 3—
INT(1) INT(2) INT(3)

 v(3) | v
v(2) ‘ /T ¥(5) ¥(8) i ,
y | Y(4) : : : (10)
y(1) ! ! | :y
0 X2 =) G <(7) x(8) x(9) x(10)
x(4) x(6)

Figure 1: Interpolation of a tabulated one-dimensional function for a case with NP=10,
NR=3.

at low energies and for endothermic reactions near the threshold. The expected energy
dependence is:

e 0
0= —exp|————
EY|TVE-T
where
T = zero for exothermic reactions with ¢ >0 and

equal to kinematic threshold energy for endothermic reactions with ) < 0.

Note that this formula gives a concave upward energy dependence near E = T that is quite
different from the behavior of the neutron cross sections.
This formula can be converted into a two-point interpolation scheme using

o2F>
B=——%2% (2)
VEI-T VE2-T

and

A= exp [ } oy (3)

B
vE, =T

where E4, 01 and E,, 0y are two consecutive points in the cross-section tabulation.
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0.5. REPRESENTATION OF DATA

This interpolation method should only be used for E close to T. At higher energies,
non-exponential behavior will normally begin to appear, and linear-linear interpolation is
more suitable.

0.5.2.2 Two-Dimensional Interpolation Schemes

Three schemes are provided for two-dimensional interpolation:

1. simple Cartesian interpolation, wherein one simply interpolates the function values
along constant lines of initial and final energy values,

2. a method called unit-base transform, and

3. the method of corresponding energies.

/\/\ Secondary

/ \ Energy

Ny

Initial Energy

Figure 2: Interpolation between Two-Dimensional Panels.

Consider Figure 2. Here E is the initial energy and there are panels at and E; and F;;.
The panels describe the probabilities of scattering from these energies to other energies;
e.g., f(E;, E}) and f(Ei1, B, ) are generally probability distributions that will integrate to
unity, when they are integrated over all E'. These panels will be presented using the usual
tabular schemes for arrays, or may be given in the form of an analytic expression.

For the case of simple Cartesian interpolation, intermediate values are determined by
interpolating along lines of constant F/ and E’ as noted earlier. Assume that all interpolation
schemes are linear-linear in energy and that one wants to determine a value for a distribution
at £ € (E;, Fiy1). The equation for this is:

E— L,

f(EE") = f(B, E') + B — E

[f (Eir, EY) = f(E:, E')]. (4)
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An examination of the above figure illustrates the major problem with Cartesian interpo-
lation; viz., that the panel at E will have features from the lower panel at the low end,
and from the upper panel at the high end. This, of course, is reasonable, but the resulting
function will tend to have artificial peaks when the distributions shift as a function of energy,
as is usually the case.

The unit-base transform was devised to try to reduce the non-physical characteristics
of Cartesian interpolation. In this case, the data at the two panels surrounding E are
transformed to a unit base where the new functions vary according to a variable x that
ranges from 0 to 1.

E' — E|
BV — B ©)

In this case, E!(1) is the energy of the first sink energy in the panel at E; and E!(N) is the
last point. An exactly analogous equation is used to define the value of z at F;,; and at
E. From here, the interpolation is made using an expression such as shown in equation (4)
except that it is made at a constant value of x. Special care must be taken to properly
account for the integrals of the panel; i.e.,

T

[z 1) = [ drgla) (6)

which requires:

FUB') dE = o(x) do. g
o) = 18 |22 ©

The latter radical is the Jacobian that is required for the transformation to the unit-base
space and is determined from equation (5). In other words, when equation (4) is used, the
interpolation is made at constant values of x and the function values must be multiplied by
the Jacobians for the respective panels.

Two things can be noted about unit-base transform interpolation

(i) if the end points of two panels are the same, unit-base transform is exactly equivalent
to Cartesian interpolation, and

(ii) the same interpolations can be made without transforming to unit-base space and
transforming to the energy space at E.

The low energy value of the intermediate panel is simply:

E—FE; y ,
m[ i+1(1) — Ei(1)]. (9)

A similar expression gives the high energy of the intermediate panel, and simply substitutes
the top energies for the two panels in place of the bottom energies:

Eio(E) = Ei(1) +
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E — FE;
Eiy — E;
Here we have assumed the upper panel has M points. The Jacobian that should be used
with the value from the bottom panel is

Ehign(E) = E{(N) + [Ei (M) — E{(N)]. (10)

dE'(E))
‘ dE'(E)

and is determined from equation (11) shown below. The secondary energy at E; that corre-
sponds to an E’ at FE is calculated from:

E(E') = B(1) + ——Llov (513 - py(1) (11)
' ' Ei/u'gh - El/ow ' ' ‘

Here we have dropped the (F) arguments from the £’ values at E for clarity. An analogous
expression determines the secondary energy at the upper panel, and also the Jacobian for this
panel. When the two values are interpolated at these two secondary energies and multiplied
by their respective Jacobians, the values are simply interpolated using equation (4), or
another appropriate expression, if the interpolation scheme is not linear in energy).

The Method of Corresponding Energies (MCE) is a scheme that was designed to cir-
cumvent one of the major problems associated with the unit-base transform approach; viz.,
that the unit-base transform depends directly on the way the end points of the successive
distributions are taken. The MCE approach splits the integrals of distributions into equal
integral bins and then interpolates linearly between corresponding bins. (The limits of these
bins are the ”corresponding energies”.) This is a more physical approach than either Carte-
sian or unit-base transform interpolation and tends to emphasize the significant portions of
the distributions. Perhaps a better way of saying this is that it tends to de-emphasize the
insignificant portions of the distributions. For example, if 10 equal integral bins are to be
used for the interpolation, the energies where the panels integrate to a tenth of the total
integral are determined. Then the energies where the panels integrate to two-tenths of the
total integral are determined, etc., until 10 sets of energy boundaries are defined for the bins
in all panels. The interpolations between corresponding bins of successive panels are then
performed using the unit-base transform approach.

It is important to note that that unit-base transform and MCE will require Jacobians
to multiply the function values at successive panels, because a variable transformation is
involved, while Cartesian interpolation is all done in real energy space, so that the unmodified
function values are used.

0.6 General Description of Data Formats

An ENDF "tape” is built up from a small number of basic structures called ”records,” such
as TPID, TEND, CONT, TABI, and so on. These "records” normally consist of one or
more 80-character FORTRAN records. It is also possible to use binary mode, where each of
the basic structures is implemented as a FORTRAN logical record. The advantage of using

28



0.6. GENERAL DESCRIPTION OF DATA FORMATS

these basic ENDF "records” is that a small library of utility subroutines can be used to read
and write the records in a uniform way:.

0.6.1 Structure of an ENDF Data Tape

The structure of an ENDF data tape (file) is illustrated schematically in Fig. 0.3. The tape
contains a single record at the beginning that identifies the tape. The major subdivision
between these records is by material (identified by the MAT number). The data for a
material is divided into files, and each file (identified by the MF number) contains the data
for a certain class of information. A file is subdivided into sections, each one containing
data for a particular reaction type (identified by the MT number). Finally, a section is
divided into records. Every record on a tape contains three identification numbers: MAT,
MF, and MT. These numbers are always in increasing numerical order, and the hierarchy is
MAT, MF, MT. The end of a section, file, or material is signaled by special records called
SEND, FEND, and MEND, respectively.

Structure of an ENDF data tape

Tape Ident First file First section First record
(TPID) (HEAD)
First Second file Second Second
material section record
iy, S ] ) i, S oy ]
Ny L ] i S Eai ey
Material File (MF) Section Record
(MAT) (MT) (MR)
P, Sy i, T T ] P i, S
P Ny | i e S
Last Last file Last section Last record
Material
Tape end Material File end Section end
(TEND) end (FEND (SEND)
(MEND)

Figure 3: Structure of an ENDF data tape.

0.6.2 Symbol Nomenclature

An attempt has been made to use an internally consistent notation based on the following
rules.

1. Symbols starting with the letter I, J, K, L, M, or N are integers. All other symbols
refer to floating-point (real numbers).
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2. The letter I or a symbol starting with I refers to an interpolation code (see Sec-
tion 0.5.2).

3. Letters J, K, L, M, or N when used alone are indices.
4. A symbol starting with M is a control number. Examples are MAT, MF, MT.
5. A symbol starting with L is a test number.

6. A symbol starting with N is a count of items.

All numbers are given in fields of 11 columns. In character mode, floating-point numbers
should be entered in one of the following forms:

4+1.234567+n

+1.234564+nn, where nn < 38
depending on the size of the exponent. Both of these forms can be read by the "E11.0” format
specification of FORTRAN. However, a special subroutine must be used to output numbers
in the above format. If evaluations are produced using numbers written by ”1PE11.5” (that
is, 1.2345Enn, the numbers will be standardized into 6 or 7 digit form, but the real precision
will remain at the 5 digit level.

0.6.3 Types of Records

All records on an ENDF tape are one of six possible types, denoted by TEXT, CONT,
LIST, TAB1, TAB2, and INTG. The CONT record has six special cases called DIR, HEAD,
SEND, FEND, MEND, and TEND. The TEXT record has the special case TPID. Every
record contains the basic control numbers MAT, MF, and MT, as well as the sequence
number NS. The definitions of the other fields in each record will depend on its usage as
described below.

The sequence number of a record is a remnant of the past when the data were physically
stored on paper cards that could get shuffled by accident. Nowadays NS serves merely as
an additional parameter for checking the integrity of an evaluated library. The following
conventions apply:

e the counter NS is reset for every section in the file. It starts with 1 and is incremented
by 1 on every record up to the SEND record.

e SEND records (identified by MT=0) have NS=99999 by definition.
e FEND, MEND and TEND records have NS=0.

0.6.3.1 TEXT Records

This record is used either as the first entry on an ENDF tape (TPID), or to give the
comments in File 1. It is indicated by the following shorthand notation
[MAT, MF, MT/ HL] TEXT

where HL is 66 characters of text information. The TEXT record can be read with the
following FORTRAN statements
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READ(LIB, 10)HL,MAT,,MF,MT,NS
10  FORMAT(A66,I4,12,13,I5)

0.6.3.2 CONT Records

The smallest possible record is a control (CONT) record. For convenience, a CONT record
is denoted by

[MAT,MF,MT/C1,C2,L1,L2,N1,N2]CONT
The CONT record can be read with the following FORTRAN statements

READ(LIB,10)C1,C2,L1,L2,N1,N2,MAT, ,MF,MT,NS
10  FORMAT(2E11.0,4111,14,12,13,1I5)

The actual parameters stored in the six fields C1, C2, L1, L2, N1, and N2 will depend on
the application for the CONT record.

0.6.3.3 HEAD Records

The HEAD record is the first in a section and has the same form as CONT, except that the
C1 and C2 fields always contain ZA and AWR, respectively.

0.6.3.4 END Records

The SEND, FEND, MEND, and TEND records use only the three control integers, which
signal the end of a section, file, material, or tape, respectively. In binary mode, the six
standard fields are all zero. In character mode, the six are all zero as follows

[MAT,MF, o/ 0.0, 0.0, O, O, O, O] SEND
[MAT, O, 0/ 0.0, 0.0, O, O, O, O] FEND
[ o, 0, 0/ 0.0, 0.0, O, O, O, O] MEND
(-1, 0, O/ 0.0, 0.0, O, O, O, O] TEND

0.6.3.5 DIR Records

The DIR records are described in more detail in Section 1.1.1. The only difference between
a DIR record and a standard CONT record is that the first two fields in the DIR record are
blank in character mode.

0.6.3.6 LIST Records

This type of record is used to list a series of numbers B1, B2, B3, etc. The values are given
in an array B(n), and there are NPL of them. The shorthand notation for the LIST record
is

[MAT,MF,MT/ C1, C2, L1, L2, NPL, N2/ B,] LIST
The LIST record can be read with the following FORTRAN statements
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READ(LIB,10)C1,C2,L1,L2,NPL,N2,MAT,MF,MT,NS
10  FORMAT(2E11.0,4I11,I4,12,13,I5)
READ(LIB,20) (B(N),N=1,NPL)
20  FORMAT(6E11.0)

The maximum for NPL varies with use (see Appendix G).

0.6.3.7 TAB1 Records

These records are used for one-dimensional tabulated functions such as y(z). The data
needed to specify a one-dimensional tabulated function are the interpolation tables NBT(N)
and INT(N) for each of the NR ranges, and the NP tabulated pairs of z(n) and y(n). The
shorthand representation is:

[MAT,MF,MT/ C1, C2, L1, L2, NR, NP/ /y(x)] TAB1
The TABI1 record can be read with the following FORTRAN statements

READ(LIB,10)C1,C2,L1,L2,NR,NP,MAT,MF,MT,NS
10  FORMAT(2E11.0,4I11,I4,12,13,I5)
READ(LIB,20) (NBT(N),INT(N),N=1,NR)
20  FORMAT(6I11)
READ(LIB,30) (X(N),Y(N) ,N=1,NP)
30 FORMAT(6E11.0)

The limits on NR and NP vary with use (see Appendix G). The limits must be strictly
observed in primary evaluations in order to protect processing codes that use the simple
binary format. However, these limits can be relaxed in derived libraries in which resonance
parameters have been converted into detailed tabulations of cross section versus energy.
Such derived libraries can be written in character mode or a non-standard blocked-binary
mode.

0.6.3.8 TAB2 Records

The next record type is the TAB2 record, which is used to control the tabulation of a two-
dimensional function y(z, z). It specifies how many values of z are to be given and how to
interpolate between the successive values of z. Tabulated values of y;(x) at each value of z
are given in TAB1 or LIST records following the TAB2 record, with the appropriate value
of z in the field designated as C2. The shorthand notation for TAB2 is

[MAT,MF,MT/ C1, C2, L1, L2, NR, NZ/ Z,,,1TAB2,
The TAB2 record can be read with the following FORTRAN statements
READ(LIB,10)C1,C2,L1,L2,NR,NZ,MAT,MF,MT,NS
10 FORMAT(2E11.0,4111,14,12,13,15)

READ(LIB,20) (NBT(N),INT(N),N=1,NR)
20 FORMAT(6I11)
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For example, a TAB2 record is used in specifying angular distribution data in File 4. In
this case, NZ in the TAB2 record specifies the number of incident energies at which angular
distributions are given. Each distribution is given in a LIST or TABI record.

0.6.3.9 INTG records

INTG, or INTeGer, records are used to store a correlation matrix in integer format. The
shorthand notation is

[MAT, MF, MT / II, JJ, KIJ ] INTG

where II and JJ are position locators, and KIJ is an array whose dimension is specified by
the number of digits NDIGIT to be used for representing the values. NDIGIT can have
any value from 2 to 6; the corresponding dimensions (NROW) are 18, 13, 11, 9, and 8
respectively. The INTG record can be read with the following FORTRAN statements

PARAMETER (NROW=18)
DIMENSION KIJ(NROW)
IF(NDIGIT.EQ.2) READ(LIB,20) II,JJ,(KIJ(X),K=1,18),MAT,MF,MT,NS
IF(NDIGIT.EQ.3) READ(LIB,30) II,JJ,(KIJ(X),K=1,13),MAT,MF,MT,6NS
IF(NDIGIT.EQ.4) READ(LIB,40) II,JJ,(KIJ(X),K=1,11) ,MAT,MF,MT,NS
IF(NDIGIT.EQ.5) READ(LIB,50) II,JJ,(KIJ(X),K=1, 9),MAT,MF,MT,NS
IF(NDIGIT.EQ.6) READ(LIB,60) II,JJ,(KIJ(X),K=1, 8),MAT,MF,MT,NS

20 FORMAT (215,1X,18I13,1X,I4,12,13,15)

30 FORMAT (215,1X,13I4,3X,14,12,13,1I5)

40 FORMAT (2I5,1X,11I5, 14,I2,I3,I5)

50 FORMAT (215,1X, 9I16,1X,I4,12,13,I5)

60 FORMAT (2I5, 817, 14,12,I3,I5)

See File 32, LCOMP=2, for details regarding the use of this format.

0.7 ENDF Documentation

1. BNL 8381, ENDF - FEwaluated Nuclear Data File Description and Specifications,
January 1965, H.C. Honeck.

2. BNL 50066 (ENDF 102), ENDF/B - Specifications for an Evaluated Nuclear Data
File for Reactor Applications, May 1966, H.C. Honeck. Revised July 1967 by S. Pearl-
stein.

3. BNL 50274 (ENDF 102), Vol. I - Data Formats and Procedures for the ENDF
Neutron Cross Section Library, October 1970, M.K. Drake, Editor.

4. LA 4549 (ENDF 102), Vol. II - ENDF Formats and Procedures for Photon Pro-
duction and Interaction Data, October 1970, D.J. Dudziak.
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Chapter 1
File 1: GENERAL INFORMATION

File 1 is the first part of any set of evaluated cross-section data for a material. Each material
must have a File 1 that contains at least one section. This required section provides a brief
documentation of how the data were evaluated and a directory that summarizes the files and
sections contained in the material. In the case of fissionable materials, File 1 may contain
up to five additional sections giving fission neutron and photon yields and energy release
information. Fach section has been assigned an MT number (see below), and the sections
are arranged in order of increasing MT number. A section always starts with a HEAD
record and ends with a SEND record. The end of File 1 (and all other files) is indicated by
a FEND record. These record types are defined in detail in Section 0.6.

1.1 Descriptive Data and Directory (MT=451)

This section is always the first section of any material and has two parts:

1. a brief documentation of the cross-section data, and

2. a directory of the files and sections used for this material.

In the first part, a brief description of the evaluated data set is given. This information
should include the significant experimental results used to obtain the evaluated data, de-
scriptions of any nuclear models used, a clear specification of all the M'T numbers defined to
identify reactions, the history of the evaluation, and references. The descriptive information
is given as a series of records, each record containing up to 66 characters.

The first three records of the descriptive information contain a standardized presentation
of information on the material, projectile, evaluators, and modification status. The following
quantities are defined for MF=1, MT=451:

ZA,AWR Standard material charge and mass parameters (see Section 0.5.1).

LRP Flagindicating whether resolved and/or unresolved resonance parameters are
given in File 2:
LRP=-1, no File 2 is given (not allowed for incident neutrons);
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LRP=0, no resonance parameter data are given, but a File 2 is present con-
taining the effective scattering radius;

LRP=1, resolved and/or unresolved parameter data are given in File 2 and
cross sections computed from them must be added' to background cross sec-
tions given in File 3;

LRP=2, parameters are given in File 2, but cross sections derived from them
are not to be added to the cross sections in File 3. The option LRP=2 is
to be used for derived files only and is typical in the so-called PENDF files,
in which the cross sections are already reconstructed from the resonances
parameters and written in File 3.

LFI Flag indicating whether this material fissions:
LFI=0, this material does not fission;
LFI=1, this material fissions.

NLIB Library identifier (e.g. NLIB= 0 for ENDF/B). Additional values have been
assigned to identify other libraries using ENDF format. See Section 0.3.1 for
details.

NMOD Modification number for this material:
NMOD=0, evaluation converted from a previous version;
NMOD=1, new or revised evaluation for the current library version;
NMOD2> 2, for successive modifications.

ELIS Excitation energy of the target nucleus relative to 0.0 for the ground state.

STA Target stability flag:
STA=0, stable nucleus;

STA=1 unstable nucleus. If the target is unstable, radioactive decay data
should be given in the decay data sub-library (NSUB=4).

LIS State number of the target nucleus. The ground state is indicated by LIS=0.

LISO Isomeric state number. The ground state is indicated by LISO=0. LIS is
greater than or equal to LISO.

NFOR Library format.
NFOR=6 for all libraries prepared according to the specifications given in
this manual.

AWI Mass of the projectile in neutron mass units. For incident photons or decay
data sub-libraries, use AWI=0.

EMAX Upper limit of the energy range for evaluation.
LREL Library release number; for example, LREL=2 for the ENDF /B-VI.2 library.

I In the unresolved region, it is also possible to compute self-shielding factors from File 2 and multiply
them by complete unshielded cross section given in File 3. See Chapter 2 for details
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NSUB
NVER
TEMP

LDRV

NWD

NXC

ZSYMAM

ALAB
EDATE
AUTH
REF
DDATE
RDATE

Sub-library number. See Section 0.4 for a description of sub-libraries.
Library version number; for example, NVER=7 for version ENDF /B-VII.

Target temperature (Kelvin) for data that have been generated by Doppler
broadening. For derived data only; use TEMP=0.0 for all primary evalua-
tions.

Special derived material flag that distinguishes between different evaluations
with the same material keys (i.e., MAT, NMOD, NSUB):

LDRV=0, primary evaluation:

LDRV> 1, special derived evaluation (for example, a dosimetry evaluation
using sections (MT) extracted from the primary evaluation).

Number of records with descriptive text for this material. Each record con-
tains up to 66 characters.

Number of records in the directory for this material. Each section (MT) in
the material has a corresponding line in the directory that contains MF, MT,
NC, and MOD. NC is a count of the number of records in the section (not
including SEND), and MOD is the modification flag (see below).

Character representation of the material defined by the atomic number,
chemical symbol, atomic mass number, and metastable state designation in
the form Z-cc-AM with

Z, right justified in col. 1 to 3,

- (hyphen) in col. 4,

cc, two-character chemical name left justified in col. 5 and 6,

- (hyphen) in col. 7,

A, right justified in col. 8 to 10 or blank,

M for the indication of a metastable state in col. 11,

for example, 1-H - 2, 40-Zr- 90, 95-Am-242M, etc.

Mnemonic for the originating laboratory(s) left adjusted in col. 12-22.
Date of evaluation given in the form "EVAL-DEC74” in col. 23-32.
Author(s) name(s) left adjusted in col. 34-66.

Primary reference for the evaluation left adjusted in col. 2-22.

Original distribution date given in the form "DIST-DEC74” in col. 23-32.

Date and number of the last revision to this evaluation in col. 34-43 in the
form "REV2-DEC74” | where ”2” in column 37 is the release number and must
be equal to LREL. The term "revision” (IREV), which appeared in earlier
editions of this manual, was synonymous with "release” (LREL) and has
been dropped in favor of the more-frequently used term "release”.
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ENDATE Master File entry date in the form yyyymmdd right adjusted in col. 56-63.
The Master File entry date is assigned by NNDC for ENDF /B libraries.

HSUB Identifier for the library contained on three successive records is useful for
visual inspection of the files and is followed strictly in the ENDF /B libraries.
The first record contains four dashes starting in col. 1, directly followed by
the library type (NLIB) and version (NVER). For example,

”--—- ENDF/B-VI”, followed by MATERIAL XXXX starting in col. 23 where
XXXX is the MAT number, and REVISION 2 (starting in col. 45 only if
required) where 72" is the revision number IREV.

The second record contains five dashes starting in col. 1, and followed by the
sub-library identifier (see Table 3). For example,

P e DECAY DATA”,

P PHOTO-ATOMIC INTERACTION DATA” or

P INCIDENT NEUTRON DATA”

The third record contains six dashes starting in col. 1 and followed by ENDF-6
where 76" is the library format type (NFOR).

Note: the three HSUB records can be generated by the utility program,
STANEF.

MF,, ENDF file number of the n** section.
MT,, ENDF reaction designation of the n** section.

NC,, Number of records in the nth section. This count does not include the SEND
record.

MOD,, Modification indicator for the nth section. The value of MOD,, is equal to
NMOD if the corresponding section was changed in this revision. MOD,,
must always be less than or equal to NMOD.

1.1.1 Formats

The structure of this section is
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[MAT, 1,451/ ZA, AWR, LRP, LFI, NLIB, NMOD]HEAD
[MAT, 1,451/ ELIS, STA, LIS, LISO, 0, NFOR]CONT
[MAT, 1,451/ AWI